background: While a number of pharmacological interventions exist for the treatment of opioid use disorder, evidence evaluating the effect of pain on substance use behavior, attrition rate, and physical or mental health among these therapies has not been well established. We aim to evaluate these effects using evidence gathered from a systematic review of studies evaluating chronic non-cancer pain (CNCP) in patients with opioid use disorder. Methods: We searched the Medline, EMBASE, PubMed, PsycINFO, Web of Science, Cochrane Database of Systematic Reviews, ProQuest Dissertations and theses Database, Cochrane Central Register of Controlled Trials, World Health Organization International Clinical Trials Registry Platform Search Portal, and National Institutes for Health Clinical Trials Registry databases to identify articles evaluating the impact of pain on addiction treatment outcomes for patients maintained on opioid agonist therapy. results: Upon screening 3,540 articles, 14 studies with a combined sample of 3,128 patients fulfilled the review inclusion criteria. Results from the meta-analysis suggest that pain has no effect on illicit opioid consumption [pooled odds ratio (pOR): 0.70, 95%CI 0.41-1.17; I 2 = 0.0] but a protective effect for reducing illicit non-opioid substance use (pOR: 0.57, 95%CI 0.41-0.79; I 2 = 0.0). Studies evaluating illicit opioid consumption using other measures demonstrate pain to increase the risk for opioid abuse. Pain is significantly associated with the presence of psychiatric disorders (pOR: 2.18; 95%CI 1.6, 2.9; I 2 = 0.0%). conclusIon: CNCP may increase risk for continued opioid abuse and poor psychiatric functioning. Qualitative synthesis of the findings suggests that major methodological differences in the design and measurement of pain and treatment response outcomes are likely impacting the effect estimates.
Introduction
Chronic non-cancer pain (CNCP) is characterized as a significant pain lasting longer than the standard healing time and that is not directly caused by malignancy. 1 There is limited evidence to support the effectiveness of opioids for providing long-term pain relief; 2 however, they remain the most commonly employed intervention for managing CNCP. 3 This is of concern because of the global rise in opioid-related medication diversion, morbidity, and mortality. [4] [5] [6] [7] [8] While many trials have evaluated the effectiveness of opioid agonist therapies (OATs) for patients with addiction, to our knowledge none provides an analysis or discussion as to the mediating effects of pain on substance use behavior, treatment retention, or other patient-important outcomes. Even among the oldest and most SubStance abuSe: ReSeaRch and tReatment 2015:9 commonly employed OAT, namely methadone maintenance treatment (MMT), there exists conflicting evidence that both implicates and refutes the role of chronic pain as a risk for continued opioid abuse. [43] [44] [45] [46] [47] The management of patients with opioid use disorder poses many challenges, particularly among patients suffering with comorbid psychiatric and physical disorders. For instance, patients with opioid addiction together with comorbid depression are suggested to be at high risk for overdose 48 and suicide attempts. 49 Efforts to combine the evidence evaluating important risk factors for adverse outcomes in the management of opioid use disorder will prove critical for enhancing our understanding of this complex disorder that is impacted by large variability in treatment effectiveness and prognosis.
A number of OSTs exist, including MMT, levomethadyl acetate (LAAM), and buprenorphine/naloxone. However, the impact of pain on the effectiveness of these therapies among outcomes such as attrition rate, substance use behavior, and physical or mental health has not been well established, leaving many questions unanswered: Are patients with pain responding poorly to opioid maintenance treatment? Is there evidence demonstrating superiority of any OAT in the subpopulation of addiction patients with comorbid pain? We will attempt to answer these questions using evidence gathered from a systematic review of all studies evaluating CNCP in the patient population with opioid use disorder. Findings from this review will serve to provide consensus in establishing whether CNCP is an important risk factor for patients on OST, distinguish the best available OAT treatment for patients with CNCP, and provide an evidence-based knowledge synthesis to enable clinicians managing opioid-dependent and CNCP patients to evaluate risk factors for poor prognosis and tailor treatments accordingly.
objectives. We aim to 1) evaluate the impact of CNCP on substance use behavior, physical health, psychiatric symptoms, as well as personal and social functioning; 2) determine whether any OAT demonstrates superiority or shows significant benefit for patients with opioid use disorder reporting comorbid pain; 3) provided the data are suitable, combine the evidence from direct and indirect comparisons using network meta-analysis; and 4) identify the most recently published opioid maintenance treatment guidelines from the US, Canada, and the UK to determine how the evidence is being translated into clinical practice for managing chronic pain associated with opioid use disorder.
research question(s). Among patients with opioid use disorder being treated with (or randomized to) opioid substitution treatment (OST) 1. Does CNCP impact OAT outcomes? 2. Which OAT is most effective for improving treatment response in patients with comorbid CNCP? (Treatment response will be defined by improvements in substance use behavior, physical health, psychiatric symptoms, as well as personal and social functioning.) 3 . Do the most recently published Canadian, American, and UK OAT clinical practice guidelines capture pain as an important factor in opioid use disorder and properly translate the evidence obtained from the studies evaluated in this review?
Materials and Methods systematic review. The methods of this systematic review are published 50 and registered with PROSPERO (ID: CRD42014014015). Briefly, we performed a systematic review to identify all studies evaluating the impact of chronic pain on different treatment outcomes within the patient population with opioid use disorder. We searched Medline, EMBASE, PubMed, PsycINFO, Web of Science, Cochrane Library, ProQuest Dissertations and theses Database, Cochrane Clinical Trials Registry, World Health Organization (WHO) International Clinical Trials Registry Platform Search Portal, and the National Institutes for Health (NIH) Clinical Trials Registry databases. We searched the Cochrane Library to identify relevant systematic reviews of the topic. The electronic search strategies for each database are presented in the published protocol. 50 Independent reviewers later hand-searched reference lists from these reviews for any missed studies. We screened the title, abstract, and full-text articles in duplicate. We report the kappa statistic to demonstrate the level of agreement between reviewers. 51 To be included in this review, studies were required to assess the impact of pain on any of the following treatment outcomes: physical, psychological, or social outcomes for patients receiving opioid agonist or antagonist substitution therapy for opioid use disorder. Study participants were required to be on a maintenance therapy for the opioid use disorder. Studies evaluating patients on OAT for the treatment of pain and not opioid use disorder (eg, methadone for pain) were not eligible for this review. While our search did not place any language or time restrictions on retrieved articles, the search was restricted to human studies. We evaluated observational studies using two risk-of-bias tools: cross-sectional studies using the NIH National Heart, Lung, and Blood Institute: Quality Assessment Tool for Observational Cohort and Cross-Sectional Studies, 52 and cohort studies using the Newcastle Ottawa Scale. 53 We evaluated randomized trials using the Cochrane risk-of-bias tool. 54 We assessed the strength of the evidence summarized in this review using Grading of Recommendations Assessment, Development and Evaluation (GRADE). 55 Independent reviewers performed full-text extraction in duplicate using pilot-tested data extraction forms. We extracted from each study the following information: author, date of publication, journal of publication, number of study participants, type of population (clinical, incarcerated, pregnant), eligibility criteria, type of OST(s), OAT dose (by chronic pain status), definition of chronic pain, identification of the study primary outcome, definition of treatment response outcome(s), measurement of chronic pain, measurement of response outcome (s), percentage/number of participants with  chronic pain, number of patients on prescribed opioids or  adjunct pain therapies, statistical analysis performed, study  findings, overall statistical findings, factors associated with  treatment response (if reported) , and authors' conclusions.
A flow diagram detailing the article selection process as well as detailed tables reporting the key methods and conclusions of studies deemed eligible for this review are reported in accordance with the meta-analysis of observational studies in epidemiology (MOOSE) and Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) reporting guidelines. 56, 57 guideline assessment. We aimed to evaluate how current evidence for managing patients with CNCP is translated to practice and to determine whether current guidelines are using evidence from the studies identified in this review. To identify Canadian and American opioid maintenance treatment guidelines, we searched www.guidelines.gov for with the terms "opioid addiction," "opioid dependence," "opioid use disorder," and "opioid substitution treatment." To identify the most recently published UK guidelines, we searched the National Institute for Health and Care Excellence (NICE) using key words "opioid use disorder," "methadone," "opioid use disorder," "buprenorphine" "naltrexone," and "opioid dependence." We extracted specific information including the year of publication, guideline objectives, any information on pain population subgroups, evidence cited by guideline for managing patients with comorbid pain, and any cautions regarding specialized populations.
We intended to evaluate each guideline using the rigor of development and applicability domains from the Appraisal of Guidelines for Research and Evaluation II (AGREE) Instrument. AGREE II is a validated instrument used for the quality assessment of clinical guidelines. 58, 59 In its entirety, the tool has 23 items organized across six quality domains. 58 Our major objective using these guidelines was to distinguish the best quality guidelines by assessing how evidence is being incorporated into guideline development. As such, we only assessed these guidelines on the basis of the rigor of development and applicability domains. statistical analysis. Due to the large variations in the definition and measurement of outcomes reported across studies leading to insufficient data to complete a network metaanalysis, we summarize the results of all direct comparisons in this review narratively and statistically where appropriate.
Qualitative summary. Due to the large variations in the definition and measurement of outcomes reported across studies, we chose to provide a qualitative summary for each outcome. We provide a detailed summary of all results according to broader themes that appropriately capture the behavior or attribute of interest. For instance, substance use behavior can capture a wide array of specifically defined and measured outcomes. Whether it is the number of days of crack/cocaine use over the past month or the percentage of participants reporting non-opioid substance abuse, the broader category of illicit substance use adequately captures this behavior. We have chosen a list of categories generated from a larger systematic review of OAT effectiveness, 50 which organized outcomes collected from 60 trials into broader domains proposed by commonly used addiction severity indices [ie, the Addiction Severity Index (ASI) 60 and Maudsley Addiction Profile (MAP)]. 61 The identified outcome domains included physical health, psychiatric health and symptoms, abstinence and substance use behavior, personal and social functioning, global quality of life and addiction severity assessments (including global addiction severity measure scores), intervention adherence, acceptance of intervention, and resource utilization (eg, hospital admission).
A summary-of-findings table is presented to demonstrate the impact of pain across each outcome domain. The additional "Findings" column details our conclusions based on the available evidence. To reach a valid conclusion, we decided a priori on the following criterion: $50% of the studies for a single intervention (methadone, buprenorphine) must demonstrate a harmful or beneficial effect of pain on the outcome. If less than 50% of the studies demonstrated such an effect, we concluded there was not enough evidence.
Quantitative summary. We conducted meta-analyses using a random-effects model to address the following outcomes: illicit opioid use, illicit substance use, and presence of psychiatric illness. Each of these outcomes was measured as binary variables, whereby the studies provided the number/percentage of participants who reported using opioids, other substances, or a history of psychiatric illness. Since each of our outcomes used for the meta-analysis was dichotomous, we present the summary estimates as pooled odds with 95% confidence intervals. We employed the Mantel-Haenszel method for pooling the results of binary variables, as this method provides the option to estimate between study variations by assessing each study's final results to a Mantel-Haenszel fixed-effect metaanalysis estimate. 62 The results for each meta-analysis are presented in separate forest plots. Due to the small number of studies included in each meta-analysis (maximum of 3), we chose not to assess for publication bias using Egger's plot. We used the inconsistency index (I 2 ) statistic to determine the level of heterogeneity in the results of the studies, using the I 2 values of 0%-40% (might not be important), 30%-60% (moderate heterogeneity), 50%-90% (substantial heterogeneity), and 75%-100% (considerable heterogeneity) as the categorizations set forth by the Cochrane Collaboration. 63 As discussed in the published protocol, we anticipated the studies' quality assessment to important risk of bias assessment items (items assessing adjustment for confounding) as well as differences in measurement selection to be important factors contributing to heterogeneity between studies. 50 Our a priori hypotheses for heterogeneity between studies have been previously summarized in detail. 50 However, the number of studies eligible for inclusion in the meta-analysis was small enough (n # 3) so that the use of subgroup analyses would be deemed inappropriate. results study characteristics. Upon searching seven databases and three clinical trial registries, we reviewed 3,540 unique articles. Independent reviewers screened the title [Kappa (K):0.51, SE 0.04; 95%CI 0.43-0.58), abstract (K:0.41, SE:0.09; 95%CI 0.24-0.58), and full-text articles (K:0.77, SE 0.12; 95%CI 0.53-1.0) with moderate agreement. We identified 14 articles eligible for inclusion in this review. [43] [44] [45] [64] [65] [66] [67] [68] [69] [70] [71] [72] [73] [74] Figure 1 provides a flow diagram detailing the screening process at each stage of the literature search.
Across a combined population of 3,128 patients, the included studies evaluated the impact of pain on different treatment response outcomes for high-dose methadone ($60 mg/day), low-dose methadone (,60 mg/day), highdose LAAM ($85 mg/day), low-dose LAAM (,85 mg/day), high-dose buprenorphine ($16 mg/day), low-dose buprenorphine (,16 mg/day), high-dose Suboxone ® (buprenorphine $16 mg/day + naloxone), and low-dose Suboxone ® (buprenorphine ,16 mg/day + naloxone). The studies used a range of epidemiologic designs including cross-sectional, randomized controlled trial and prospective cohort. Details of the design characteristics of individual studies including intervention dose, number of participants, mean age of participants, as well as the definitions and measurements used for chronic pain are summarized in Table 1 . While the majority of studies used the Brief Pain Inventory (BPI) 43, [64] [65] [66] 70, 71, 74 to measure pain ( Fig. 2) , the definitions and cut-offs used to determine pain varied greatly, with some studies providing unclear descriptions of both the measurement and definition of pain. 69, 72 Although some studies report excluding patients using adjunct pain therapies including opioid medication, 45, 68 the majority of studies neither reported 43, 44, 64, 66, [69] [70] [71] 73, 74 nor adjusted 65, 67, 72 for the use of adjunct pain therapies including opioids ( Table 1) .
Using the outcome domain categorizations described earlier, we found the majority of studies evaluated the effects of pain on abstinence from illicit opioids and other substance use related outcomes. Figure 3 provides a summary of all outcome domains with the corresponding number of studies reporting each outcome.
risk of bias assessment. The risk of bias assessment was performed using three instruments 52,54 across cross-sectional, cohort, and randomized studies. Results from the quality assessment are summarized in Supplementary Tables 1-3. The to classify them into one of three pain groups: a) "chronic severe pain" (ie, pain lasting at least 6 months with moderate to severe pain intensity or significant pain interference, respondents who had pain lasting at least 6 months and who scored 5 or higher on the item pertaining to the worst pain intensity in the last 7 days or on any of the items relating to pain interference in the last 7 days were considered to exhibit chronic severe pain; b) "some pain" (ie, pain reported in past week but not CSP); and c) "no pain" (ie, no pain reported in the past week and no cSP To operationally define a subpopulation of patients with chronic pain that was relatively likely to be clinically significant, an index of "chronic severe pain" was defined as a score of 5 or higher on the bPI item "worst pain in the past week" or of 5 or higher on the BPI pain interference scale, and pain duration for at least 6 months. not reported majority of studies suffer from a high risk of bias due to the lack of reporting on important issues such as follow-up, missing data, and blinding (Supplementary Tables 1-3 ). The majority of studies used a cross-sectional design (k = 10) to assess the association between the presence of pain and OAT treatment outcome, while only half of the studies (k = 5) established a "dose-response" relationship between pain severity and treatment outcome, suggesting that an increase in the intensity of the exposure (pain) is associated with an increase in opioid consumption ( Supplementary Table 1 ). abstinence and substance use behavior. Illicit opioid use. Among the 14 studies included in this review, 12 evaluated the impact of chronic pain on illicit opioid use behavior. The measurements, definitions, and statistical methodology used to evaluate opioid use are described in Table 2 . The majority of studies measured opioid use behavior using urine toxicology screening ( Table 2) . 45, 64, 65, [68] [69] [70] 73, 74 However, some studies relied on a self-report tool generated for the study or the Addiction Severity Index (ASI) to determine the frequency of opioid use. 43, 44, 66, 71 We were unable to combine the results of the majority of studies evaluating the same intervention (eg, methadone) because of the large variations in defining illicit opioid use behavior. While some studies reported the number of patients using illicit opioids (separated by pain status), 43, 45, [64] [65] [66] 68, 69, 71, 73 others chose to report the number of days of illicit opioid use 44 as well as the percentage or mean percent of positive opioid screens reported by chronic pain status. 45, 70 Of the 12 studies that evaluated illicit opioid use behavior, only 2 reported a significant effect of pain on opioid consumption, 44, 45 whereby both studies were performed in MMT patients and use different measures to assess opioid use behavior. Despite differences in measurements and interventions (eg, methadone, buprenorphine), the majority of studies reported no effect of pain on illicit opioid use. 43, [64] [65] [66] [68] [69] [70] [71] 73 Studies eligible for inclusion in the meta-analysis defined opioid use behavior as a binary outcome, categorizing participants as having engaged in illicit opioid consumption if $1 urine test in a designated time period preceding the survey was positive. 45, 64 While not originally reported in the Dennis et al. 45 paper, the authors provided data for the purposes of this review. 45 Of the 235 methadone patients assessed in the Dennis et al. 45 study, 79.7% of the patients reporting pain and 81.3% of those without pain were found to have $1 positive opioid urine screen. 45 The meta-analysis presented in the Figure 4 forest plot provides the pooled odds ratio using a random-effects model. Findings from the meta-analysis suggest that there is no effect of pain on illicit opioid consumption pOR:0.70, 95%CI 0.41-1.17; I 2 = 0.0). Among the studies that evaluated the impact of pain on opioid consumption among buprenorphine maintained patients, none reported a significant effect. 68, 69 Illicit substance use (other than opioids). Seven studies assessed the impact of pain on non-opioid illicit substance use, 43, 44, [65] [66] [67] [68] 70 in which the definition and measurement of Abstinence and substance use behaviour what constitutes illicit substance use varied substantially. While some studies assessed the number of participants reporting any illicit substance use (cocaine, benzodiazepine, cannabis) within the last week, 66 month, 65 or 3 months, 43, 70 others evaluated the predictors of illicit substance use behavior, 68 number of days of substance use in the previous month, 44 or the percentage of participants reporting any substance misuse at baseline. 67 The stark heterogeneity in defining and measuring illicit substance use precluded the majority of studies from inclusion in the meta-analysis. Studies that measured substance use as the percentage of participants that reported illicit substance use (separated by pain status) were pooled in the meta-analysis. Findings from the meta-analysis are presented in Figure 5 , where the presence of pain is shown to be protective against illicit non-opioid substance use (pOR: 0.57, 95%CI 0.41-0.79; I 2 :0.0). These odds of reporting nonopioid illicit substance use are reduced by 43% in participants with comorbid pain. The findings from individual studies revealed that participants with pain reported higher rates of marijuana, 44 benzodiazapine, 70 and sedative 44 use. However, the choice of pain measure (eg, BPI) does not appear to impact the relationship between pain and psychoactive substance use. [65] [66] [67] Trafton et al. 44 assessed the impact of pain on the number of days of reported substance use in the previous month (measured using Addiction Severity Index), 44 and reported no significant differences in the number of days of reported use between patients with and without pain for alcohol, heroin, and cocaine. 44 However, Trafton et al. 44 found a significant difference in the number of days as well as lifetime (years) reported use of opiates and marijuana, suggesting participants with pain were more likely to report using these substances. 44 The authors 44 also found participants with pain to have a longer duration of lifetime history of sedatives use (pain: 2.4 years, no pain: 0.8 years), 44 and reported 44 no significant differences in health risk behaviors such as injecting or needle-sharing between the pain and no pain groups. 44 Bounes et al. 67 evaluated the differences in illicit substance use (urine toxicology and self-report) at baseline between pain and no-pain groups; however, they presented the raw data and reported no significant differences between groups for stimulants, hallucinogens, or cannabis use. It appears, however, that cannabis use is reported at a higher rate in patients with pain (28%) in comparison to patients without pain (15%). 67 Barry et al. 66 (2009) reported similar findings, suggesting, "the pain groups reported comparable levels of psychoactive substance use, illegal drug use and non-medical use of prescription drug in the past week". 66 However, no specific percentages of substance use were reported per group. Dhingra et al. 65 did not report any observed differences between pain groups; however, they did suggest that neither urine drug screen (UDS) nor selfreported drug use on the ASI was statistically associated with clinically significant pain in the univariate analysis. 65 Dunn et al. 70 reported the mean percent of positive urine screens for opiates, benzodiazepine, and cocaine use, finding patients reporting pain to have a significantly higher rate of benzodiazepine use (mean% positive pain 7, mean% positive no pain 3; P = 0.01). However, when evaluating the difference between the number of participants with $1 drug urine-screen positive, they found 50 of 90 patients without pain and 52 of 137 patients with pain to be using illicit substances. 70 This second measurement was used in the Figure 5 meta-analysis.
Intervention adherence. Among the five studies that evaluated the impact of pain on treatment retention, 43, 67, 71, 73, 74 one reported a significant effect. 67 Among patients treated with low-dose methadone and low-dose buprenorphine, Bounes et al. 67 found that retention was lower among patients reporting pain (crude OR: 0.44, 95%CI: 0.22-0.87). Among patients treated with methadone and buprenorphine, Neumann et al. 73 found no significant differences between retention rates among patients on buprenorphine (50% retention) and methadone (46.4% retention). While retention was reported as an outcome in the remaining three studies, 43, 71, 74 none reported details of retention by pain status.
Intervention acceptance. Three studies evaluated the impact of pain on intervention acceptance. 67,72,73 Jamison et al. 72 summarized participants' views toward methadone treatment, determining whether participants with pain believe they are given enough methadone or are bothered by their dependence on OST. Jamison showed participants with pain 1) did not believe they were given a high-enough dose of methadone, and 2) were extremely bothered by their dependence on methadone. 72 Neumann et al. 73 chose to report the number of participants who crossed over to a different OAT during the course of the trial, and showed no significant differences in the rate of crossover by pain status. Bounes et al. 67 also reported the percentage of participants augmenting prescribed doses of opioid maintenance treatment and found no significant differences between patients with and without pain. 67 resource utilization. Trafton et al. 44 provided an analysis of resource utilization to evaluate the impact of pain on physical disability benefit collection, psychiatric disability benefit collection, and the number of hospitalizations reported over the lifetime. They reported a significant difference in the percentage of patients reporting physical disability claims (25% general population, 14% no pain, 35% pain, P , 0.001), and lifetime hospitalizations (3.9% general population, 2.9% no pain, 4.9% pain, P = 0.002). 44 Personal and social functioning. Two studies assessed the impact of pain on personal and social functioning. 44, 72 Though measured and defined differently, both studies showed the presence of chronic pain to be associated with poor personal and social functioning. 44, 72 Jamison et al. 72 found 17.1% of participants with pain reported employment, in comparison to the 32.3% without pain. In addition, the same authors 72 found that patients with pain (27%) were more likely to report better family support than patients without pain (21%). 72 The differences between groups were tested using X 2 , both of which were statistically significant. 72 Trafton et al. 44 evaluated personal and social functioning by examining the participant reported vitality and social functioning using the SF-36V. The authors 44 found participants reporting pain to be much less likely to report vitality (35%) and social functioning (45%) in comparison to participants without pain, of which 53% and 76% reported vitality and social functioning, respectively. These results were statistically significant.
Physical health. Of the eight studies assessing the impact of pain on physical health outcomes including adverse events, symptoms related to physical functioning, and the presence of physical comorbidity, [43] [44] [45] 64, 65, [71] [72] [73] seven showed a significant association between the presence pain and worsening physical health. [43] [44] [45] 64, 65, 71, 72 Measures for physical health outcomes varied and included the presence of chronic illness as diagnosed by physician 64 or self-report, 43,45,65,71-73 inflammatory profile differences by pain status measured using serum levels for inflammatory biomarkers, 45 the number of days of reported medical problems, 44 percent change in pain/functioning from baseline scores, 73 self-reported physical craving for opioids, 43 number of participants reporting adverse events by chronic pain status, 73 and physical health measured by Health Related Quality of Life (HRLQ ) scores 65 or SF-36V. 44 Of all the studies evaluating physical health outcomes, one did not provide the appropriate data to determine whether pain impacts physical health outcomes. 73 However, the same study found no differences in the physical health outcomes of pain patients randomized to low-dose methadone and low-dose suboxone. 73 The definitions, measurements, and reported findings for all health outcomes are detailed further in Table 3 .
Psychiatric health and symptoms. Six studies assessed the association between pain and different psychiatric health outcomes, 43, 44, 65, 66, 71, 72 and all studies reported a significant association between the presence of pain and 1) the presence of psychiatric disorders or 2) an increase in the severity of psychiatry symptoms. The investigation by Fox et al. 71 found an increase in depressive symptoms among patients with pain at baseline. Supplementary Table 4 summarizes the findings from all studies that evaluated psychiatric health outcomes including symptom severity and the presence of disorders. The majority of studies chose to present the prevalence of any psychiatric comorbidity stratified by pain status, 43, 44, 72 whereby patients reporting pain showed higher rates of psychiatric comorbidity than their non-pain counterparts. 43, 44, 72 Some studies did, however, evaluate psychiatric symptoms using different psychiatric symptom rating scales. 65, 66 The studies evaluating the association between pain and specific psychiatric diagnosis (eg, depression, anxiety) 44, 65, 66, 72 showed participants reporting pain to have a significant increase in depressive symptoms, 44, 65, 66, 72 anxiety, 44, 66, 72 somatization, 66 irritability, 72 suicidal ideation, 44 and violence. 44 Only one study reported no significant differences in the suicide attempt histories of pain and non-pain patients. 44 Two studies provided suitable data for inclusion into a meta-analysis, 43, 72 combining trafton the study evaluated 1) the number of days of medical problems in the last 30 days, 2) physical functioning as assessed according to SF-36V, and
3) general health.
Self-report according to SF-36V
The study found significant differences across each different physical health outcome evaluated. they report the presence of pain to be associated with an increase in the number of days of reported medical problems (Pain:22.1, no Pain 7.5, P = 0.001), the% of patients with good physical functioning (Pain 55%, no Pain:89%, P , 0.001), and the% with good general physical health (pain: 50%, no pain: 70%, P , 0.001).
Fox buprenorphine the study evaluated baseline differences between patients with and without pain starting an office-based buprenorphine treatment program Self-report Patients with pain reported higher rates of hIV the results of studies assessing the percentage of participants reporting psychiatric comorbidity (including all diagnoses) by pain status as the outcome. Dennis et al. 45 provided additional data not reported in their original study on the prevalence of psychiatric comorbidity in patients with and without pain. This resulted in the inclusion of three studies into the metaanalysis evaluating the association between pain and psychiatric comorbidity in a combined sample of 788 participants (Fig. 6) . Findings from the meta-analysis suggest a significant association between chronic pain and psychiatric comorbidity (pOR: 2.18; 95%CI 1.6-2.9, I 2 :0.0%, P = 0.324), whereby in comparison to patients without pain, the odds of reporting a psychiatric comorbidity is 2.18 times greater in patients reporting pain, suggesting a significant association between pain and psychiatric disorders. summary of included studies. The summary of findings specific to each intervention (eg, methadone, buprenorphine) can be found in Table 4 . This table provides an outline of the number of studies evaluating each outcome, as well as those showing risk or benefit based on participants' exposure status. The table also provides conclusions based on the evidence algorithm discussed previously, whereby $50% of the studies must demonstrate an effect. GRADE evidence profiles were constructed to assess our confidence in each meta-analysis estimate. Meta-analyses evaluating the impact of pain on illicit opioid use, illicit substance use, and psychiatric comorbidity were ranked very low, low, and low, respectively. The evidence profiles are summarized in Supplementary Table 5 .
guideline evaluation. We identified three of the most recently published national guidelines for opioid use disorder using the national guideline clearinghouse provided by www.guideline.gov, and the NICE database. [75] [76] [77] [78] The guidelines provided minimal information about the effect of pain in the opioid use disorder population. [75] [76] [77] [78] While some guidelines provide suggestions to manage comorbid CNCP with non-opioid interventions [75] [76] [77] and refer patients with severe pain to community specialists, 75, 77 none provides any detail about the risk for psychiatric comorbidity, continued opioid abuse, as well as poor physical, social, and personal functioning among patients with opioid use disorder and comorbid pain. [75] [76] [77] [78] The summary information including the detailed suggestions for managing patients with pain reported by the guidelines is described in Table 5 . Due to the lack of formal recommendations for the management of patients with pain, we were unable to assess each guideline using the rigor of development and applicability domains from AGREE II. The rigor development and applicability domains are used to evaluate how evidence is being incorporated into guideline development. The available guidelines neither provide a formal assessment of the literature nor identify major issues regarding the association between pain and treatment response in opioid use disorder. The lack of formal recommendations for the management of pain during addiction treatment renders the application of tools to assess how evidence is being generated and used to inform recommendations for the management of pain in patients with opioid use disorder unjustified.
discussion
Findings from a systematic review of 14 studies including a combined sample of 3,128 patients with opioid use disorder suggest that CNCP is an important factor affecting the treatment course for patients on OST. Specifically, patients with CNCP were found to have higher rates of adverse physical, psychiatric, and personal/social functioning than patients without pain. However, these results were only demonstrated in studies evaluating methadone and LAAM. [43] [44] [45] [64] [65] [66] [67] 70, 72 Pain showed no effect on any of the outcomes evaluated for patients on buprenorphine or combination buprenorphine naloxone. [67] [68] [69] 71, 73, 74 Results from this review also suggest that the current treatment guidelines used for OSTs neither discuss the important impact of pain on treatment prognosis nor provide any formal recommendations for treatment management in this subpopulation. The guidelines only go so far as to suggest 1) managing with non-opioid medications, 2) consulting the specialized pain services for treatment, and 3) maintaining open communication with family physicians managing the patients' comorbid disorders. These suggestions are made in the supplementary sections of the guideline, with no formal review process or evidence being cited to support their development. Guidelines may be restraining themselves from drawing any conclusions about the appropriate management of patients with comorbid pain because of the inconclusive nature of the evidence. However, the guidelines provide no discussion to suggest that they have evaluated this topic. [75] [76] [77] [78] While to our knowledge this is the first review to assess the impact of CNCP on the multiple treatment outcomes for patients with opioid use disorder, we are still no closer to reaching firm conclusions as to the optimal therapy for patients with comorbid pain. There is limited evidence evaluating the effects of pain in the addiction setting. Even among the studies available, cadres of measures are employed to assess pain, substance use behavior, and psychiatric comorbidity. This variation in measurements precluded most studies from inclusion in our meta-analysis.
Among the 3,527 unique articles screened for inclusion, only a few studies (n = 14) evaluated the prognostic impact of pain on physical, psychological, and social outcomes. In addition, the studies evaluating this topic suffered from a high risk of bias. The considerable methodological quality issues among the 14 included studies are presented in the individual risk of bias assessments ( Supplementary Tables 1-3 ) and the GRADE evidence profiles (Supplementary Table 5 ). The strength of the evidence generated by the three meta-analyses determining the impact of pain on illicit opioid use, illicit non-opioid substance use, and the presence of psychiatric comorbidity was downgraded to low, low, and very low. Many of the studies (k = 5) were unable to demonstrate a dose-response relationship between pain severity and treatment response. 45, 65, 69, 70, 72 The evidence was downgraded as a result of a serious lack of reporting Pain has no effect on opioid use behavior abstinence and illicit substance use: non-opioids 1 67 n/a n/a n/a on important methodological study design features such as sample size calculations or power estimation, 44, [64] [65] [66] 69, 70, 72 blinding the outcome assessment, 43, 44, [64] [65] [66] [68] [69] [70] 72 and the management of missing data. 44, [64] [65] [66] [68] [69] [70] 72 Among the studies reporting an association between pain and treatment response outcomes such as illicit substance use behavior (opioid and non-opioid), 44, 45, 70 poor physical health, [43] [44] [45] 64, 65, 72 and psychiatric comorbidity, 43, 44, 65, 66, 72 a number of studies based their conclusions on relatively imprecise and unadjusted treatment effects. This is of concern, since the majority of evidence stems from small-sample crosssectional investigations. The experience of pain can be confounded by many variables including age, presence of other physical comorbidities, the use of adjunct pain therapeutics (eg, gabapentin), and the duration on OST. Due to the hyperalgesic effects of some long-acting opioids, patients on OAT may experience higher rates of pain. 79 Some of the studies included in this review neither discuss these issues nor adjust for important covariates. 43, 44, 64, 66, 69, 72 In fact, many studies only adjust for variables they find significant in univariate analysis. At times, this may be an inappropriate method since certain variables, while weak in a univariate analysis, may hold an important effect due to biological or other relevance to the outcome such as age or sex. Thus, variables of clinical significance known to impact treatment response such as age, sex, OAT dose (mg/day), use of adjunct therapies, and duration on OAT should always be considered in the analyses.
The definition and measurement of pain across studies requires further consideration. Half of the included studies used BPI as a measure of pain, stating the BPI is a validated tool to assess the presence of pain. This is troubling, since measurement tools are only validated in the population the tools was created and tested within, 80 and to our knowledge this tool has never validated in patient population with opioid use disorder. To state the psychometric properties such as internal consistency or test-retest reliability of a tool will be the same in a different population than those for which the tool was developed would be inaccurate. The properties of a reliable measurement tool rest in its ability to capture variance between patients; thus it becomes more difficult to distinguish between individuals of more homogenous populations. 80 Tools such as BPI were originally generated and validated within a population of patients with cancer and rheumatoid arthritis. 81 Although since then BPI has been widely used in other populations with pain, to our knowledge no proper reliability assessment has been performed in patients with opioid use disorder. Thus, the ability of the BPI to properly capture pain in OAT patients remains questionable and requires formal validation in this population.
Assessment of the overall findings using Table 4 emphasizes the lack of conclusive evidence demonstrating the impact of pain on therapeutic response. For instance, a number of studies suggest that pain has no impact on treatment prognosis for patients on buprenorphine or combination buprenorphine/naloxone; however, a number of outcomes were not evaluated for this intervention. Among patients on methadone -the intervention with the largest body of evidence -pain was found to increase the risk for adverse physical, psychiatric, as well as personal and social functioning. However, there is not enough evidence in this review to establish whether pain increases patients' propensity to abuse opioids and other illicit substances. The meta-analysis assessing the impact of pain on non-opioid substance use (eg, cocaine, benzodiazepine) suggests that participants with pain have lower odds of abusing non-opioid substances. However, we will refrain from making any firm conclusion based on this analysis since it relies on the findings from two studies, 43, 70 which represent a fraction of the available evidence assessing this outcome. 43, 44, [65] [66] [67] 70 The case is similar for illicit opioid use: among the eight [43] [44] [45] [64] [65] [66] 70, 73 studies assessing continued opioid abuse using different definitions and measurements of opioid use (eg, number of positive opioid urine screens, time until opioid relapse), two studies are included in the meta-analysis, both of which suggest protective effects. Two studies that were excluded from the meta-analysis due to measurement variability actually reported a risk association between the presence of pain and opioid use. 44, 45 Evaluating the differences between the studies reporting a risk effect and those reporting a protective effect of pain on opioid use behavior suggests that the conservative definitions of opioid consumption using a binary categorization of opioid use based on one positive UDS will show a "protective" association between pain and opioid consumption. 45, 64 For studies evaluating opioid use behavior as a continuous measure such as the mean number of positive opioid urine screens or the number of days of opioid use over the last month, the presence of pain is association with a "risk" association between pain and consumption. 44, 45 Among the same group of participants, different classifications of opioid use behavior can result in differences in the observed effects of pain. 16 Similar findings are noted among studies evaluating illicit non-opioid substance use, where again the evaluation of substance use behavior as a continuous outcome, such as the number of days of illicit substance use or the mean percentage of positive UDS, suggests pain is a risk factor for increase illicit substance consumption. 44, 70 Again, the evaluation of illicit substance consumption using a binary categorization of illicit substance use based on one positive UDS showed a "protective" association between pain and illicit substance use. 67 The fragility of these findings highlights the importance of an a priori selection for defining and measuring substance use outcomes (opioid or non-opioid). These results also emphasize the high susceptibility for selective reporting among studies evaluating pain and opioid use disorder.
In the absence of establishing the most effective therapy for managing opioid addiction patients with comorbid CNCP, it may be worthwhile to consider evidence assessing OAT in the general pain population. Bearing in mind that patients can experience hyperalgesic effects from treatments such as methadone, 82, 83 other OATs may deliver more therapeutic effects within the pain subpopulation of addiction patients. For instance, recent evidence suggests that patients converting from high-dose full opioid agonists (200-1,370 mg of morphine equivalents) to buprenorphine therapy for more than 60 days exhibit significant improvements in pain severity and quality of life. 84, 85 It is likely the unique pharmacologic properties of therapies such as buprenorphine (being a partial mu-agonist) enhance the therapeutic effects of the medication, which may also inflate its effect in the pain subpopulation. In light of these findings, future efforts should focus on evaluating the effectiveness of buprenorphine for the chronic pain subpopulation of opioid addiction patients using a randomized study design.
conclusion
Findings from this review suggest that CNCP may increase the risk for poor physical, psychiatric, as well as personal and social functioning for patients with opioid use disorder and on MMT or LAAM. Important outcomes such as resources utilization (eg, hospitalization), intervention acceptance, and personal/social functioning are understudied. Additionally, we lack evidence on the majority of outcomes for the single formula buprenorphine and combination of buprenorphine/ naloxone treatments. We caution the interpretation of evidence from the meta-analyses since these results preclude a substantial portion of the evidence and are based on studies suffering from a high risk of bias. Qualitative synthesis of the findings suggests that major methodological differences in the design and measurement of both pain and treatment response outcomes are likely impacting the observed effect estimates. Does pain really play an important role in mediating the effects of OST? Are patients with pain responding differently? Should patients with pain be managed differently? These questions have yet to be definitively answered. Further research is needed to confirm the association between pain and important outcomes in patients on OAT before making any conclusions as to which treatment is superior for the pain subpopulation. We recommend future studies to establish a larger sample with a demonstrated dose-response relationship between pain and treatment response. Current guidelines neither address nor make any formal recommendations for managing patients with comorbid pain. 
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